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Description

[0001] The presentinvention relates to a process for the preparation of a silica coated magnetic particles. In particular,
the invention provides silica-coated magnetic particles that find particular utility in the methods of isolating nucleic acids
and processes for their production, e.g. at a large scale.

[0002] Nucleic acid purification and manipulation are essential processes of all molecular biology laboratories. Nucleic
acids can be isolated from a wide variety of sources, including samples containing viruses, bacteria, plant or animal
cells or tissues. Nucleic acids may also be derived from cell-free sources, such as blood plasma, various environmental
sources, or from in vitro reactions. Accordingly, nucleic acids are commonly used as markers for the detection of biological
entities, e.g. viruses, bacteria, and may therefore be used in the diagnosis of various diseases. However, nucleic acids
typically must be isolated from their environment and amplified before they can be efficiently detected or further manip-
ulated.

[0003] Nucleic acid purification techniques commonly utilise commercially produced silica-based columns or require
the use of toxic chemicals such as phenol. These techniques generally are not suitable for high-throughput approaches,
e.g. because the cost of silica columns makes processing large numbers of samples prohibitively expensive.

[0004] Silica-coated magnetic particles are small nano- or microparticles that find utility in nucleic acid purification and
manipulation techniques due to their ability to achieve solid-phase reversible immobilisation (SPRI) of nucleic acids.
These particles can reversibly bind nucleic acids under dehydrating conditions and readily can be safely immobilised
using a strong magnet to facilitate multiple wash and manipulation steps. However, silica-coated magnetic particles
typically are produced efficiently in small-scale reactions, e.g. less than 50ml, meaning their utility on a commercial scale
is limited.

[0005] The Covid-19 (coronavirus) pandemic has caused health and economic problems on a global scale. One of
the main difficulties in controlling the viral outbreak has been detecting the virus, with the demand for detection kits far
outstripping the supply. Moreover, the sensitivity of existing detection kits is limited, meaning that subjects tested at an
early stage of infection may not produce a positive test result. The failure to positively identify and isolate infected subjects
at an early stage has resulted in the unprecedented spread of the Covid-19 virus.

[0006] Thus, there is a need for viral detection methods and kits with increased sensitivity and that can be provided
on a large scale.

[0007] In the work leading to the present invention, it has surprisingly been found that modifications to existing com-
ponents of nucleic acid extraction kits can significantly enhance the efficiency of nucleic acid isolation using silica-coated
magnetic particles and subsequently improve the sensitivity of nucleic acid detection assays. Moreover, it has been
found that silica-coated magnetic particles can be efficiently produced on a large scale, whilst retaining advantageous
monodispersity and stability properties. The monodispersity properties facilitate the utility of the particles in the efficient
capture and isolation of nucleic acids. The long-term stability of the particles makes them particularly useful for the
production of nucleic acid detection kits on a commercial scale.

[0008] Quy Dao Van et al "Synthesis of silica-coated magnetic nanoparticles and application in the detection of path-
ogenic viruses" describes the preparation of magnetic iron oxide nanoparticles by coprecipitation and coating with silica.
[0009] WO 01/71732 describes porous, ferro- orferrimagnetic, glass particles that selectively bind molecules of interest,
especially nucleic acid molecules and methods of their preparation.

Summary of Invention

[0010] Viewed fromone aspectthe invention provides a process for the preparation of a silica coated magnetic particles
comprising

(I combining magnetic particles and an alkoxysilane in a C4_4-alcohol in the absence of water to form a mixture;
() adding water and a hydroxide to the mixture of step (I) such that the weight ratio of C,_4-alcohol to water in the
mixture is 1:1 to 15:1, such as 2:1 to 15:1 and heating the resulting mixture to a temperature in the range of 15 to
90 °C, such as 70 to 90°C in order to form silica coated magnetic particles;

(1M washing the silica coated magnetic particles of step (I) with water and/or alcohol solvent, preferably until the pH
of the silica coated magnetic particles when suspended in water is between 8 and 11.

Detailed description of Invention

[0011] The terms magnetic particles and magnetic beads are used interchangeably herein. In a first aspect, the
invention relates to a new process for the preparation of silica coated magnetic particles which are useful on a large scale.
[0012] The assay described herein requires the use of magnetic particles that are coated with silica. In order to improve
the utility and consistency of the assay it is important that the silica coated magnetic particles are monodisperse, are
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stable and that they are present in a controlled concentration within the medium in which they are dispersed, typically
water. This must be achieved in the context of larger amounts of magnetic particles than would conventionally be used
on lab scale. The process of the present invention can be used for scaling up from lab scale to commercial scale, e.g.
where the amount of magnetic particles used in the process is at least 300 mg or more, such as 1000 mg or more, such
as 300 mg to 1500 mg.

[0013] A key aspect of the invention is the development of a process to prepare silica coated magnetic particles that
are both monodisperse, highly stable and present in the dispersion in a controlled concentration.

[0014] The starting magnetic particles of use in the invention are known. These can be prepared using conventional
techniques or purchased from suppliers. Ideally, magnetic particles of the invention have an average diameter of 50 to
1000 nm before the silica coating is applied, such as 100 to 500 nm. The starting magnetic particles are also preferably
monodisperse, e.g. with a CV of 10% or less, especially 5 or less. Preferably the particles are magnetic nanoparticles,
i.e. having a diameter of 1000 nm or less, such as 1 to 1000 nm.

[0015] Magnetic particles are a class of particle that can be manipulated using magnetic fields. Such particles commonly
consist of two components, a magnetic material, often iron, nickel and cobalt, and a chemical component that has
functionality. While nanoparticles are preferred, larger particles, called microbeads herein, may have diameters in the
range of 0.5-500 micrometers.

[0016] The magnetic particles of the present invention preferably comprise an iron oxide, e.g. a mixture of Fe(ll) and
Fe (ll) oxides. Such particles can be made using known processes, e.g. via centrifuging a reaction mixture of iron oxide
precursors and base. Suitable iron oxide precursors are other iron salts such as chlorides. Suitable bases are hydroxides
such as ammonium hydroxide. A protocol for the preparation of suitable magnetic particles is provided in the examples
section and can be readily adapted by the skilled artisan. In a preferred embodiment therefore, the process of the
invention uses iron oxide magnetic particles, especially iron oxide nanoparticles (IONP).

[0017] The key to providing the desired properties is control of the silica coating process. The process of the invention
requires a reaction between the magnetic particles and a silica coating precursor in a temperature controlled reactor to
form the coating. By controlling the temperature, we envisage that monodispersity of the coated particles is ensured
and the dispersability of the IONPs in the solvent is optimised.

[0018] Initially, the silica coating precursor and magnetic particles are combined. This initial combination step is effected
in a C4_4-alcohol alone, i.e. without water. It is preferred if the C4_4-alcohol is ethanol or isopropanol in all embodiments.
At this stage, the temperature of the reaction mixture may be ambient. The actual coating process is only initiated when
the water and base is added to hydrolyse the silane. The concentration of magnetic particles in the C,_4-alcohol at this
point may be 1 to 10 mg/ml. The total amount of magnetic particles present in the reaction mixture may be 100 mg or
more such as 200 to 1500 mg.

[0019] The silica coating precursor can be any suitable alkoxysilane, such as a tetraalkoxysilane. The alkoxysilane
may be of formula R'R2R3R4Si where R1-R2 are C,_g.alkoxy and R3 and R4 are C,_ 4 alkyl or C4_g alkoxy. Ideally all of
R1-R#4 are alkoxy.

[0020] Alkoxy groups of interest are C1-4-alkoxy groups such as methoxy or ethoxy. The use of tetraorthoethylsilicate,
TEOS, is most preferred.

[0021] Itis preferred if the silica coating is present in excess in the final silica coated particles. For example, the weight
ratio of magnetic particles to silica coating might be 1:1 to 1:10, such as 1:3 to 1:7. The weight of coating can be readily
determined by calculating the difference in weight between the starting magnetic particles and those produced in the
process. In a most preferred embodiment the weight ratio of magnetic particles to silica coating might be about 1:5. 500
mg of starting magnetic particles might therefore lead to 2.5 g of silica coated magnetic particles. The amount of silica
coating precursor added is therefore determined by an analysis of the weight of the magnetic particles in the reaction
material and a target ratio of magnetic particles to silica coating.

[0022] Water and a hydroxide base is then added to the mixture of magnetic particles and silica coating precursor.
The use of ammonium hydroxide is preferred (e.g. in the form of aqueous ammonia). The concentration of the base is
not critical. It has however been found that allowing the initial mixture of silica coating precursor and magnetic particles
to stir for a period of time, e.g. at least 30 minutes, such as 30 mins to 1.5 hrs before adding the water and hydroxide
base improves the monodispersity of the final silica coated particles. In one embodiment therefore, the addition of the
water and hydroxide is delayed for at least 30 mins.

[0023] It has also been found that increasing the molarity of the hydroxide base leads to larger particles but reduced
monodispersity. This offers a way for the skilled person to tailor the particle size and particle size distribution.

[0024] The water and hydroxide base can be added together or some of the water might be added and subsequently
the base added or vice versa. At this point the temperature may also be increased as herein defined.

[0025] The C4_4-alcohol to water ratio, in particular the ethanol or isopropanol to water ratio, is important for controlling
particle size distribution, i.e. monodispersity. We generally require an excess of C4_4-alcohol relative to the water present.
We also observe that higher ratios of C_4-alcohol to water are generally required as the amounts of magnetic particles
increase in the reaction mixture. In larger scale synthesis however the ratio of C4_4-alcohol to water can be lower.
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[0026] The C,_4-alcohol to water ratios is 1:1 to 15:1, such as 3:2 to 15:1, preferably 2:1 to 15:1, more preferably 3:1
to 12:1, especially 5:1 to 10:1.

[0027] Some syntheses, such as large scale syntheses, may operate at a ratio of 3:2 to 6:1, such as 3:2 to 5:1
C4.4-alcohol to water.

[0028] In one embodiment, these ratios are determined on the amount of additional pure water added. In another
embodiment, these ratios are determined on the basis of all the water present, including for example, water present in
the base.

[0029] Preferred C,_4-alcohols are ethanol and isopropanol. The use of isopropanol for larger scale syntheses is
especially preferred, e.g. where there is at least 2 L of reaction mixture. A large scale synthesis is therefore regarded
as one in which the reaction volume is at least 1.5L such as 2.0 L or more, e.g. 1.5t0 5.0 L.

[0030] It will be appreciated that any water used in the process of the present invention is preferably distilled or at
least purified using ion exchanger. It will be appreciated that additional alcohol may be added to ensure that the correct
ratio is present although ideally this is not required.

[0031] If the C4_4-alcohol content is too high then, due to increased concentration of silica coating precursor in the
water, the production of free silica particles occurs. Although these free silica particles are readily separated from the
magnetic particles during magnetic separation, it is preferred if their formation is avoided.

[0032] For monodispersity, temperature is important. We have observed that the reaction of the magnetic particles
and the silica coating precursor takes place at a temperature in the range of 70 to 90 °C, preferably 75 to 85 °C, such
as 77 to 83 °C, especially 78 to 82 °C. A water jacketed heated reactor can suitably be used.

[0033] However, higher temperatures are not so important as the reaction synthesis increases in scale. We have
observed that the reaction of the magnetic particles and the silica coating precursor can also take place at a temperature
in the range of 15 to 90 °C, preferably 20 to 85 °C, such as 20 to 40 °C, especially 20 to 30 °C, e.g. when operating on
a larger scale synthesis, e.g. where the reaction mixture is at least 2L in volume.

[0034] Without wishing to be limited by theory, it appears that lower temperatures may encourage monodispersity in
the final iron particles.

[0035] In one embodiment therefore the reaction can be effected at room temperature. It is generally preferred if the
temperature at which the reaction is effected is kept constant.

[0036] After the reaction is complete (e.g. after 8 hrs or more, preferably 12 hrs or more, such as 12 to 20 hrs), the
reaction can be cooled and the magnetic particles can be separated from the reaction medium (conveniently using
magnetic separation) and washed. Washing of the particles is effected using water and/or alcohol washes, preferably
both water and alcohol washes. Suitable alcohols are C,_4-alcohols especially ethanol and isopropanol. The number of
these washes may vary. Suitably there are at least two water washes and at least two alcohol washes. Alcohol washes
are preferably effected first. A good washing protocol can lead to improvements in particle monodispersity.

[0037] A key however to the washing phase is that after washing and suspension in water, the pH should be 8 to 11,
especially 9 to 10, more preferably 8.7 to 10.0, more especially 9.0 to 10.0. When the pH is in this range we have
surprisingly found that homogeneity and monodispersity of the particles is high. After washing therefore, the silica coated
particles are suspended in water for further use.

[0038] Moreover, the process of the invention results in an aqueous suspension of silica coated magnetic particles
were the zeta potential is of -20 to -90mV, especially -30 to 70 -mV, more preferably -50 to -65 mV, more preferably -55
to -65 mV. The silica coating contains OH groups that can be charged. The zeta potential is a key indicator of the stability
of the dispersion. The magnitude of the zeta potential indicates the degree of electrostatic repulsion between adjacent,
similarly charged particles and a high zeta potential implies colloidal stability, i.e., the dispersion will resist aggregation.
The suspension of the invention is therefore exceptionally stable. The particles may be stable for a period of one month
or more, such as 2 to 12 months.

[0039] In one embodiment, the process of the invention is a batch, semi-continuous or continuous process, e.g. in
which reactants are fed constantly to the reaction vessel and product is constantly removed before step (ll) is carried
out. In particular, the alkoxysilane and hydroxide base can be fed constantly to the reaction.

[0040] The inventors have also found that the relative rates of the base feed (such as ammonium hydroxide feed) and
the alkoxysilane feed can generally be varied over a wide range without changing the particle size. It may be, however,
that reduced particle sizes can be achieved by increasing the hydroxide flow relative to the alkoxysilane flow.

[0041] The silica coated particles produced in the process of the invention preferably have a diameter of 200 to 1000
nm, especially 300 to 700 nm.

[0042] The silica coated particles produced in the process of the invention should be monodisperse. Previously, iron
oxide particles tended to agglomerate. Monodisperse polymer particles of the invention may have a polydispersity index
(PDI) (measured as the square of the standard deviation (SD) divided by the mean, where both SD and mean are
respective the particle diameters when these are spheres) may range from 0 to 0.1, such as 0 to 0.01. The PDl is ideally
less than 0.005.

[0043] Alternatively viewed, monodisperse polymer particles are particles with a coefficient of variation of less than
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10%, preferably less than 6% and more preferably less than 5%. Coefficient of variation (CV) is determined in percentage
as

CV=100xstandard deviation/mean

where mean is the mean particle diameter and standard deviation is the standard deviation in particle size. CV is
preferably calculated on the main mode, i.e. by fitting a monomodal distribution curve to the detected particle size
distribution. Thus some particles below or above mode size may be discounted in the calculation which may for example
be based on about 90%, more usually about 99% of total particle number (of detectable particles that is). Such a
determination of CV is performable on a Field-Effect gun SEM (FE-SEM/FEG-SEM). Polydispersity index can also be
determined using such a device.

[0044] The present inventors have found that average particle size and particle size distribution can be affected by
the presence of an organic polyacid coating or organic polyacid salt coating on the magnetic particles before reaction
with the alkoxysilane.

[0045] If the magnetic particles are coated with such an organic polyacid or organic polyacid salt coating, such as a
citrate coating, the silica coated magnetic particles that form tend to be larger and more monodisperse. The use of the
organic polyacid coating or organic polyacid salt on the magnetic particles also appears to reduce the formation of pure
silica particles in the synthesis of silica coated magnetic particles.

[0046] Without wishing to be limited by theory, it is envisaged that the citrate type coating reduces aggregation and
the formation of large clusters. It is therefore preferred if the magnetic particles are coated with an organic polyacid or
salt thereof, such as a low molecular weight organic polyacid or salt thereof, e.g. having an Mw of less than 350 g/mol.
[0047] Suitable polyacids include citric acid, polylactic acid, glutaric acid, malic acid, maleic acid, succinic acid, fumaric
acid, and adipic acid or salts thereof, such as sodium citrate. The use of citric acid or a salt thereof is preferred. The
coating is most especially formed from the salt form of these acids, e.g. citrate.

[0048] The silica coated particles produced where the magnetic particles have a polyacid or organic polyacid salt type
coating may have a diameter of 600 to 2000 nm, especially 800 to 1500 nm.

[0049] Coating of the magnetic particles with a polyacid or salt thereof can be accomplished using well known tech-
niques before reaction with the alkoxysilane.

[0050] The surface of the magnetic particles can therefore be functionalized by adsorption of the polyacid or salt
thereof, such as citric acid/citrate, on the surface of magnetic particles. Citric acid/citrate adsorbs on the surface of the
particle by coordinating via one or two of the carboxylate functionalities.

[0051] Moreover, the applicant has observed that when higher mass of magnetic particles is used in the preparation
process, there is an increased tendency of particle agglomeration. It is therefore desirable to use isopropanol as the
C1-4 alcohol to maximise formation of spherical particles. Higher concentration of particles in the reaction mixture may
also lead to large final silica coated magnetic particles. Any reaction mixture therefore ideally contains at least 75 mg of
magnetic particles.

[0052] When the silica coated magnetic particles are used in an assay it is also important that the concentration of
particles in a given unit volume is consistent. The present process also gives rise to even concentrations of silica coated
magnetic particles in the suspension. Concentrations may lie between 5 to 35 mg/ml, preferably 5 to 30 mg/ml, such as
5 to 25 mg/ml, preferably 5 to 20 mg/ml, such as 5 to 12 mg/ml.

[0053] The s ilica coated magnetic particles formed by the process of the invention can take different geometries. Whilst
particles might be essentially spherical, it is also possible for them to be cuboidal or octagonal. Different shaped particles
might offer different magnetic properties.

[0054] Particle size and shape can be controlled by thermal decomposition of metallic precursors. For example, the
precursors can be heated in inert atmosphere (argon or nitrogen) at defined heating rates to temperatures in the range
of 150 to 320°C preceded by degassing the solution.

[0055] In general therefore, the particle size and particle size distribution of the final silica coated magnetic particles
can be tuned. Options available for fine tuning include changing the nature of alcohol solvent, surface coating of magnetic
particles with a polyacid or salt thereof, changing the concentration of hydroxide, and increasing the flow of hydroxide.
For example, in certain conditions iso-propanol gives larger size and broader particle size distribution in comparison to
ethanol. The citrate coating increases the size of the particles and narrows the particle size distribution. Increases in the
concentration of hydroxide decrease the size of the final particles and gives narrow particle size distribution. A key aspect
of the invention is therefore the ability to tailor the production process to achieve target silica coated magnetic particles
with a particular size and particle size distribution.

[0056] The silica coated magnetic particles can be used to isolate biological material from a sample. The silica coated
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magnetic particles can be used along with a lysis solution comprising:

(a) a buffer (e.g. Tris-HCI);

(b) a chelating agent (e.g. EDTA);

(c) a chaotropic agent (e.g. a guanidinium salt, such as guanidinium isothiocyanate); and

(d) a detergent (e.g. 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] ethanol (Triton X-100) or sodium lauroyl sarcosinate
(sarkosyl)); and optionally

(e) a reducing agent (e.g. tris(2-carboxyethyl)phosphine (TCEP)); and/or

(f) a nucleic acid carrier (e.g. a polymer, such as glycogen).

[0057] A "lysis solution" refers to a solution (i.e. an aqueous solution comprising the above-mentioned components
dissolved in water, e.g. nuclease-free water) that functions to release (e.g. extract) nucleic acids from biological material
in a form (e.g. concentration) that can adsorb onto the surface of silica-coated magnetic particles, e.g. silica-coated
magnetic particles as defined herein. Thus, a lysis solution as defined herein is for use in releasing nucleic acids from
biological material, e.g. in a form that can adsorb onto the surface of silica-coated magnetic particles. The lysis solution
is for use in a method of isolating nucleic acids from a sample containing biological material for capture on silica-coated
magnetic particles.

[0058] A "sample containing biological material" (e.g. a biological sample) refers to a sample containing material
directly or indirectly obtained from an organism or virus. Biological material may thus comprise all types of mammalian
and non-mammalian animal cells, plant cells, algae including blue-green algae, fungi, bacteria, protozoa, viruses etc.
In particular, it refers to material comprising one or more nucleic acids. In some preferred embodiments, the material
contains one or more viral, bacterial, fungal or parasite nucleic acids. Thus, in some embodiments, a sample containing
biological material comprises one or more cells from an organism. However, the biological material need not contain
cells, e.g. it may be a cell-free sample such as blood plasma. It will be evident that a biological material from any organism
could be used in the invention, e.g. plant, animal or fungal. In some preferred embodiments, the biological material is
from an animal, particularly from a human.

[0059] Biological and clinical samples include any cell or tissue sample of an organism (eukaryotic, prokaryotic), or
any body fluid or preparation derived therefrom, as well as samples such as cell cultures, cell preparations, cell lysates
etc. Biological material may be derived or obtained, e.g. purified, from environmental samples, e.g. soil and water samples
or food samples. The biological material (e.g. biological or clinical samples) may be freshly prepared or obtained, or it
may be prior-treated in any convenient way, e.g. for storage. In some embodiments, the biological material is processed
(e.g. diluted) to provide a solution that can be contacted with the lysis solution. The biological material may be processed
to provide a buffered solution (e.g. a buffered solution comprising the same buffer as the lysis solution) comprising the
biological material, i.e. for use in the methods described herein.

[0060] The biological material may thus be a harvested or biopsied sample or a cultured sample. Representative
samples include clinical samples, e.g. oral samples (e.g. saliva, material from a cheek swab, expectorate, mucus, phlegm,
sputum etc.), nasal samples (e.g. mucus, material from a nasal swab etc.), whole blood or blood-derived products, blood
cells, tissues, biopsies, spinal fluid, tears, urine, faeces or cultured tissues or cells etc. including cell suspensions.
[0061] The inventors have determined that the lysis solution described herein finds particularly utility in releasing
nucleic acids, particularly viral nucleic acids, from oral and nasal samples. Thus, in some preferred embodiments, the
biological material is or contains an oral and/or nasal sample as defined above, e.g. mucus, sputum or phlegm.

[0062] The buffer functions to maintain the lysis solution at a constant pH. Any buffer suitable for use with nucleic
acids, e.g. usedin nucleic acid extraction and isolation methods, may be used in the lysis solution. In some embodiments,
the buffer is Tris (tris(hydroxymethyl) aminomethane), e.g. Tris-HCI, or a citrate buffer, e.g. Sodium or Potassium citrate.
[0063] The pH of the lysis solution may be between about 6.0-9.0, preferably between about 6.5-8.5, such as about
7.4-8.2,e.g.about7.5,7.6,7.7,7.8,7.9,8.0 or 8.1. In some preferred embodiments, the pH of the lysis solution is about 7.8.
[0064] The concentration of the buffer in the lysis solution will be dependent on the buffer used and must be sufficient
to maintain the lysis solution at a constant pH as defined above. The skilled person readily could select a suitable
concentration range. In some embodiments, the buffer concentration in the lysis solution is about 10-200mM, e.g. about
25-100mM, 30-90mM, 35-80mM, 40-70mM, e.g. about 45-60mM, such as about 50mM. Thus, in some embodiments,
the lysis solution comprises about 40-60mM (e.g. about 50mM) Tris (e.g. Tris-HCI), at a pH defined above, e.g. about
6.5-8.5, e.g. about 7.8.

[0065] The chelating agent functions to sequester divalent cations, which are essential for enzymes that act on nucleic
acids, e.g. DNases and RNases. Thus, the chelating agent functions to inhibit or prevent the degradation of nucleic
acids in the sample. Accordingly, the chelating agent comprises a chelator of divalent cations, for example EDTA (Eth-
ylenediaminetetraacetic acid).

[0066] The chelating agent is presentin the lysis solution at a concentration sufficient to inhibit nucleic acid degrading
enzymes (i.e. in the sample comprising biological material), e.g. about 5-50mM, such as about 10-40mM or about
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15-30mM, e.g. about 20mM. Thus, in some embodiments, the lysis solution comprises EDTA at a concentration as
defined above.

[0067] Chaotropic agents denature macromolecules in the biological material, such as proteins and nucleic acids.
Chaotropic agents also disrupt membrane lipids. Thus, the chaotropic agents in the lysis solution function to reduce
enzymatic activity and facilitate the induction of cell lysis. Any suitable chaotropic agent may be used in the lysis solution.
For instance, in some embodiments, the chaotropic agent is selected from a guanidinium salt (e.g. guanidinium isothi-
ocyanate or guanidinium chloride), lithium perchlorate, lithium acetate, magnesium chloride, n-butanol, ethanol, phenol,
2-propanol, sodium dodecyl sulfate, thiourea, urea and a combination thereof.

[0068] In a preferred embodiment, the chaotropic agent is a guanidinium salt, preferably guanidinium isothiocyanate.
[0069] The chaotropic agent is present in the lysis solution at a concentration sufficient to denature macromolecules
in the biological material and/or induce cell lysis. In some embodiments, the lysis solution contains a guanidinium salt
at a concentration of at least about 3M, such as at least about 3.5M or about 4.0M, e.g. about 3-6M. In a preferred
embodiment, the lysis solution contains guanidinium isothiocyanate at a concentration of about 3.5-4.5M, e.g. about4.0M.
[0070] The detergent in the lysis solution functions to disrupt cellular and organelle membranes, e.g. lyse cells and
organelles, and to denature proteins in the biological material. Thus, detergents function to facilitate the release of nucleic
acids from cells and other entities, e.g. viruses, in the biological material. Any suitable detergent may be used in the
lysis solution, e.g. a non-ionic detergent. For instance, in some embodiments, the detergent is selected from sodium
lauroyl sarcosinate (sarkosyl), sodium dodecyl sulfate (SDS), 4-(1,1,3,3-Tetramethylbutyl)phenyl-polyethylene glycol,
2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] ethanol (Triton X-100) and a combination thereof. In a preferred embodiment,
the detergent is selected from sodium lauroyl sarcosinate (sarkosyl) and 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] eth-
anol (Triton X-100).

[0071] The detergent is present in the lysis solution at a concentration sufficient to disrupt cellular and organelle
membranes, e.g. lyse cells and organelles, disrupt viral envelopes and/or capsids, and/or to denature proteins in the
biological material. In some embodiments, the detergent is present at a concentration of about 0.5-5.0% w/v, e.g. about
0.75-4.5% wlv, about 1.0-4.0% w/v, about 1.5-3.0% w/v, such as about 1.75-2.25% w/v, e.g. about 2.0%. In some
preferred embodiments, the detergent is sodium lauroyl sarcosinate (sarkosyl) or 2-[4-(2,4,4-trimethylpentan-2-yl)phe-
noxy] ethanol (Triton X-100) at a concentration as defined above.

[0072] The reducing agent, when present in the lysis solution, functions to reduce disulfide bonds in proteins in the
biological material. Suitable reducing agents are well-knownin the art and may be selected from tris(2-carboxyethyl)phos-
phine (TCEP), dithiothreitol (DTT), B-mercaptoethanol (3-ME) and a combination thereof.

[0073] The inventors have found that the use of TCEP is particularly advantageous because it has high stability and
activity at room temperature, thereby facilitating the production of a lysis solution with improved activity that can be
stored long term (e.g. useful for large scale production of a commercial product). Thus, in some preferred embodiments,
the reducing agentis TCEP. As shown in the Examples, lysis solution containing TCEP is particularly effective at isolating
RNA from clinical samples, e.g. oral samples.

[0074] While it may be advantageous to include a reducing agent in the lysis solution in some embodiments, the
inventors have unexpectedly determined thatitis notnecessary toinclude areducing agentin the lysis solution, particularly
when the lysis solution is used to release nucleic acids from oral or nasal samples.

[0075] Thereducingagent, whenincluded inthe lysis solution, is present at a concentration sufficient to reduce disulfide
bonds in proteins in the biological material. In some embodiments, the reducing agent is present in the lysis solution at
a concentration of about 1-20mM, such as about 2-19mM, 3-18mM, 4-17mM or about 5-16mM, e.g. about 6, 7, 8, 9, 10,
11, 12, 13, 14 or 15mM, preferably about 10mM. However, in some embodiments, a higher amount of reducing agent
may be used, e.g. about 20-150mM, such as about 25-125mM or about 30-100mM, e.g. about 80mM. Thus, in some
embodiments, the lysis solution comprises TCEP at a concentration as defined above.

[0076] The nucleic acid carrier, when present in the lysis solution, functions to increase the concentration of nucleic
acids in the sample. This facilitates alcohol mediated aggregation of nucleic acids and adsorption onto the silica-coated
magnetic particles. Nucleic acid carriers typically are polymers, such as nucleic acids or polysaccharides. For instance,
anucleic acid carrier may be selected from glycogen, sonicated DNA (e.g. sonicated calf thymus or salmon sperm DNA),
poly dT and/or poly dA, tRNA, polyacrylamide (e.g. linear polyacrylamide) and a combination thereof.

[0077] The inventors have found that the use of glycogen is particularly advantageous because it is an inert molecule
that does not interfere with downstream nucleic acid reactions, e.g. amplification and/or detection reactions.

[0078] Thus, in some preferred embodiments, the nucleic acid carrier is glycogen. Glycogen is a highly branched
glucose polymer, which may be obtained from any suitable source, e.g. extracted from oysters, and is commercially
available. Thus, the glycogen in the lysis solution comprises a mixture of glucose polymers, wherein each polymer may
contain up to 50,000 glucose molecules, having a molecular weight of up to about 8MDa.

[0079] The nucleic acid carrier, when included in the lysis solution, is present in the lysis solution at a concentration
sufficient to increase the recovery of nucleic acids from the biological material, i.e. to increase the adsorption of the
nucleic acids on to the silica-coated magnetic particles. In some embodiments, the nucleic acid carrier is present in the
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lysis solution at a concentration of about 0.1-5mg/ml, such as about 0.2-4.5mg/ml, 0.3-4.0mg/ml, 0.4-3.5mg/ml or about
0.5-3.0mg/ml, e.g. about 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.3, 1.4 or 1.5mg/ml, preferably about 1.0mg/ml. Thus, in some
embodiments, the lysis solution comprises glycogen at a concentration as defined above.

[0080] While it may be advantageous to include a nucleic acid carrier in the lysis solution in some embodiments, the
inventors have determined that it is not essential to include a nucleic acid carrier in the lysis solution. In particular, when
the lysis solution is used to release nucleic acids from samples that contain a high concentration of the nucleic acid(s)
to be detected, a nucleic acid carrier may not be required. For instance, some biological samples (e.g. oral and nasal
samples) may contain high concentrations of viral nucleic acids (e.g. coronavirus (e.g. Covid-19) nucleic acids), thereby
obviating the need to include a nucleic acid carrier in the lysis solution. However, in some embodiments, the lysis solution
contains a nucleic acid carrier, such as glycogen.

[0081] As discussed further below, the lysis solution may also comprise a proteinase, e.g. proteinase K. However, in
preferred embodiments, the proteinase is not added to the lysis solution until the solution has been contacted with a
sample containing biological material.

[0082] Thus, in some embodiments, the lysis solution comprises:

(a) a buffer (e.g. Tris) at a concentration of about 10-200mM, preferably 40-60mM, with a pH of about 6.0-9.0,
preferably about 7.4-8.2;

(b) achelating agent (e.g. EDTA) at a concentration of about 5-50mM, preferably about 10-30mM or about 15-25mM;
(c) a chaotropic agent (e.g. a guanidinium salt) at a concentration of at least about 3M, preferably about 3-6M; and
(d) a detergent (e.g. sodium lauroyl sarcosinate (sarkosyl) or 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] ethanol (Tri-
ton X-100)) at a concentration of about 0.5-5.0% w/v, preferably about 0.75-3.0% w/v, such as about 1.0-1.5% wi/v
(e.g. for Triton X-100) or 1.75-2.25% w/v (e.g. for sarkosyl).

[0083] Thus, in some embodiments, the lysis solution comprises:

(a) a buffer (e.g. Tris) at a concentration of about 10-200mM, preferably 40-60mM, with a pH of about 6.0-9.0,
preferably about 7.4-8.2;

(b) achelating agent (e.g. EDTA) at a concentration of about 5-50mM, preferably about 10-30mM or about 15-25mM;
(c) a chaotropic agent (e.g. a guanidinium salt) at a concentration of at least about 3M, preferably about 3-6M; and
(d) a detergent (e.g. sodium lauroyl sarcosinate (sarkosyl) or 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] ethanol (Tri-
ton X-100)) at a concentration of about 0.5-5.0% w/v, preferably about 0.75-3.0% w/v, such as about 1.0-1.5% wi/v
(e.g. for Triton X-100) or 1.75-2.25% w/v (e.g. for sarkosyl); and

(e) a nucleic acid carrier (e.g. glycogen) at a concentration of about 0.1-5mg/ml, preferably about 0.5-3.0mg/ml.

[0084] Thus, in some embodiments, the lysis solution comprises:

(a) a buffer (e.g. Tris) at a concentration of about 10-200mM, preferably 40-60mM, with a pH of about 6.0-9.0,
preferably about 7.4-8.2;

(b) a chelating agent (e.g. EDTA) at a concentration of about 5-50mM, preferably about 15-30mM;

(c) a chaotropic agent (e.g. a guanidinium salt) at a concentration of at least about 3M, preferably about 3-6M;

(d) a detergent (e.g. sodium lauroyl sarcosinate (sarkosyl) or 2-[4-(2,4,4-trimethylpentan-2-yl)phenoxy] ethanol (Tri-
ton X-100)) at a concentration of about 0.5-5.0% w/v, preferably about 0.75-3.0% w/v, such as about 1.0-1.5% wi/v
(e.g. for Triton X-100) or 1.75-2.25% (e.g. for sarkosyl) w/v;

(e) a reducing agent (e.g. tris(2-carboxyethyl)phosphine (TCEP)) at a concentration of about 1-20mM, preferably
about 5-16mM; and

(f) a nucleic acid carrier (e.g. glycogen) at a concentration of about 0.1-5mg/ml, preferably about 0.5-3.0mg/ml.

[0085] The components of the lysis solution may be independently selected from any of the components listed above.
Preferred components are provided as examples in the embodiment above. In some embodiments, the lysis solution
comprises glycogen as defined above. In some embodiments, the lysis solution comprises TCEP and glycogen as
defined above.

[0086] In a preferred embodiment, the lysis solution comprises:

(a) Tris-HCI at a concentration of about 40-60mM (e.g. about 50mM), with a pH of about 7.4-8.2 (e.g. about 7.8);
(b) EDTA at a concentration of about 15-30mM (e.g. about 20mM);

(c) a guanidinium salt (e.g. guanidinium isothiocyanate) at a concentration of about 3-6M (e.g. about 4M); and

(d) sodium lauroyl sarcosinate at a concentration of about 1.75-2.25% w/v (e.g. about 2.0% w/v) or Triton-X100 at
a concentration of about 0.75-1.50% w/v (e.g. about 1.2% w/v).
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[0087] In a further preferred embodiment, the lysis solution comprises:

(a) Tris-HCI at a concentration of about 40-60mM (e.g. about 50mM), with a pH of about 7.4-8.2 (e.g. about 7.8);
(b) EDTA at a concentration of about 15-30mM (e.g. about 20mM);

(c) a guanidinium salt (e.g. guanidinium isothiocyanate) at a concentration of about 3-6M (e.g. about 4M); and

(d) sodium lauroyl sarcosinate at a concentration of about 1.75-2.25% w/v (e.g. about 2.0% w/v) or Triton-X100 at
a concentration of about 0.75-1.50% w/v (e.g. about 1.2% w/v); and

(e) glycogen at a concentration of about 0.5-3.0mg/ml (e.g. about 1.0mg/ml).

[0088] In a particularly preferred embodiment, the lysis solution comprises:

(a) Tris-HCI at a concentration of about 40-60mM (e.g. about 50mM), with a pH of about 7.4-8.2 (e.g. about 7.8);
(b) EDTA at a concentration of about 15-30mM (e.g. about 20mM);

(c) a guanidinium salt (e.g. guanidinium isothiocyanate) at a concentration of about 3-6M (e.g. about 4M);

(d) sodium lauroyl sarcosinate at a concentration of about 1.75-2.25% w/v (e.g. about 2.0% w/v) or Triton-X100 at
a concentration of about 0.75-1.50% w/v (e.g. about 1.2% w/v);

(e) TCEP at a concentration of about 5-16mM (e.g. about 10mM); and

(f) glycogen at a concentration of about 0.5-3.0mg/ml (e.g. about 1.0mg/ml).

[0089] In some embodiments, the detergent in the lysis solution as defined above is Triton X-100.

[0090] In some embodiments, the lysis solution further comprises a proteinase, e.g. proteinase K, as defined further
below.

[0091] The invention allows the isolation (e.g. capture and purification) of any nucleic acids, i.e. RNA or DNA, from
any sample containing biological material as defined above. The invention is particularly suitable for isolating and ana-
lysing nucleic acids from clinical samples, such as oral and nasal samples, e.g. for the detection of nucleic acids associated
with a disease, e.g. infection, such as a viral, bacterial, fungal or parasitic infection.

[0092] A method for isolating nucleic acids from a sample containing biological material might comprise:

(a) contacting the sample containing biological material with a lysis solution as defined herein;

(b) contacting the sample from (a) with silica-coated magnetic particles ( as defined herein) under conditions suitable
to adsorb nucleic acids in the sample to the silica-coated magnetic particles;

(c) washing the silica-coated magnetic particles from (b); and

(d) desorbing (eluting) the nucleic acids from the silica-coated magnetic particles.

[0093] The step of contacting the sample containing biological material with the lysis solution may be performed using
any conditions suitable to result in the release (extraction) of nucleic acids from the biological material, e.g. to result in
cell, organelle and/or viral lysis. By way of example, suitable conditions may be contacting the sample with at least an
equal volume of lysis solution, preferably an excess of lysis solution (e.g. at least about two volumes of the sample
containing the biological material) at any suitable temperature, such as about 10-37°C, e.g. about 15-30 such as about
10, 12, 15, 18, 20, 22, 25, 28, 30, 33, 35 or 37 °C, e.g. about room temperature, e.g. about 20-25 °C. The step may be
performed for at least about 5 minutes.

[0094] The step of contacting the sample from (a), i.e. the lysed sample, with silica-coated magnetic particles, may
be performed using any conditions suitable to result in the adsorption of nucleic acids released from the biological
material onto the silica-coated magnetic particles. In a representative example, the sample from (a) is contacted with at
least an equal volume of a suspension of magnetic particles, preferably an excess of a suspension of magnetic particles
(e.g. about 1.1-5, such as 1.15-4, 1.20-3 or 1.25-2 volumes of the sample from (a), e.g. 2-4 or 3-4 volumes of the sample
from (a)) under the same temperature conditions as step (a) as defined above. In some embodiments, the suspension
of magnetic particles is chilled to enhance nucleic acid aggregation and/or to reduce nucleic acid degradation. Thus, in
some embodiments, the suspension of magnetic particles may be at about 10°C or less, e.g. about 4°C or less, e.g.
-20°C to 10°C.

[0095] The magnetic particles may be suspended in any liquid suitable to result in the aggregation of nucleic acids
and adsorption to the silica-coating (e.g. dehydrating conditions). For instance, the magnetic particles may be suspended
ina C,-C, alcohol optionally comprising a salt. In some embodiments, the magnetic particles are suspended inisopropanol
or a solution comprising at least 70% ethanol (e.g. 80, 90, 95 or 100% ethanol), optionally further comprising a salt, such
as an acetate salt, e.g. sodium or potassium acetate. In a preferred embodiment, the magnetic particles are suspended
in isopropanol.

[0096] The magnetic particles are contacted with the sample from (a) in excess, i.e. such that all or substantially all
(e.g. at least 70%, 80% or 90%) of the nucleic acids in the sample may be adsorbed on the silica-coating. In some
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embodiments, the concentration of magnetic particles in the suspension is at least about 0.25mg/ml, e.g. at least about
0.3, 0.4, 0.5, 0.6, 0.7, 0.8 or 0.9 mg/ml. Thus, in some embodiments, the concentration of magnetic particles in the
suspension is about 0.25-0.8mg/ml, 0.30-0.7mg/ml or 0.4-0.6mg/ml, e.g. about 0.45-0.55mg/ml, preferably about
0.5mg/ml.

[0097] The suspended magnetic particles may optionally contain other components, e.g. a proteinase, to enhance the
efficiency of the RNA extraction. In some embodiments, the suspension of magnetic particles contains proteinase K at
a concentration of about 20-250.g/ml, e.g. about 50-150 pg/ml or 75-125 pg/ml, such as about 100 wg/ml.

[0098] However, in some embodiments, the proteinase may be included in the lysis solution. Alternatively, in some
embodiments, the proteinase may be added to the sample after it has been contacted with the lysis solution (i.e. lysis
solution not containing the proteinase) but before it is contacted with the suspension of magnetic particles. In some
embodiments, the proteinase may be added contemporaneously with the suspension of magnetic particles. Thus, in
some embodiments, the method comprises a further step of contacting the sample from (a) with a proteinase, e.g.
proteinase K. The proteinase may be added in an amount to achieve a concentration as defined above.

[0099] Thus,in some embodiments, the suspension of magnetic particles contacted with the sample from (a) comprises:
(i) silica-coated magnetic particles (e.g. as defined herein) suspended in isopropanol at a concentration of at least about
0.25mg/ml, e.g. about 0.25-0.8mg/ml, 0.30-0.7mg/ml or 0.4-0.6mg/ml; and (ii) proteinase K at a concentration of about
20-250p.g/ml.

[0100] In some embodiments, the suspension of magnetic particles is contacted with the sample from (a) after the
addition of a proteinase to the sample and comprises silica-coated magnetic particles (e.g. as defined herein) suspended
in isopropanol at a concentration of at least about 0.25mg/ml, e.g. about 0.4-0.6mg/ml.

[0101] In a preferred embodiment, the proteinase K is P06873/PRTK_PARAQ, which refers to the UniProtKB/Swiss-
Prot accession numbers, or a functional variant or derivative thereof or a combination thereof.

[0102] The mixture from step (b) may be treated to keep the magnetic particles in suspension, e.g. the mixture is
agitated. This may be achieved by any suitable means, e.g. pipetting, shaking or vortexing the mixture. In some embod-
iments, the mixture is agitated for at least about 10 minutes, preferably at least about 15 minutes.

[0103] The step of washing the washing the silica-coated magnetic particles from (b), i.e. on which the nucleic acids
are adsorbed, may be achieved using any suitable means. The use of magnetic particles facilitates the washing and
subsequent steps as the particles can be aggregated using a magnet to enable the removal of the liquid phase (super-
natant). Thus, the step of washing comprises a step of removing the supernatant from the mixture, contacting the
magnetic particles with a suitable washing liquid and agitating the mixture, e.g. for at least about 1 minute. A suitable
washing liquid is preferably a C,-C, alcohol, such as isopropanol or a solution comprising ethanol, e.g. at least about
70% ethanol, e.g. 80% ethanol. In some embodiments, the volume of washing liquid added to the magnetic particles is
equivalent to the volume of the suspension of magnetic particles used in step (b).

[0104] The wash step(s) may be repeated multiple times, e.g. 2, 3, 4, 5 or more times. Alternatively viewed, in some
embodiments the method comprises multiple wash steps, wherein the same or different washing conditions may be
used in each step.

[0105] In some embodiments, the wash step comprises washing the magnetic particles with isopropanol followed by
at least one wash with 80% ethanol, preferably two washes with 80% ethanol.

[0106] The temperature of the washing steps may be determined readily by a person of skill in the art based on routine
experimentation. In some embodiments, the washing steps are performed at 10 °C orless, e.g. 9,8,7,6,50r4 °C or less.
[0107] Atfter the final wash step, the magnetic particles may be dried prior to eluting the nucleic acids. Thus, in some
embodiments, the method comprises a step of drying the magnetic particles, e.g. at room temperature for about 10
minutes.

[0108] The step of desorbing (eluting) the nucleic acids from the silica-coated magnetic particles may be achieved by
any suitable means. In a representative embodiment, the step of desorbing (eluting) comprises rehydrating the magnetic
particles, e.g. contacting the magnetic particles with an aqueous elution solution and agitating the mixture, e.g. for at
least about 5 minutes. A suitable elution solution is water (nuclease-free water) optionally comprising a buffer suitable
for nucleic acids, as described above.

[0109] The volume of elution solution used in step (d) may readily be determined by the skilled person. In a represent-
ative embodiment, the volume of elution solution used in step (d) is equivalent to the volume of the sample or less, e.g.
about 80, 70 or 60% of the volume of the sample or less, e.g. about 50% of the volume of the sample.

[0110] The inventors have surprisingly found that the amount of nucleic acid obtained (e.g. recovered) from the silica-
coated magnetic particles may be increased using an elution solution containing a blocking reagent, such as a non-ionic
surfactant, particularly a non-ionic detergent.

[0111] Insome embodiments, the non-ionic detergent is a polysorbate, such as Polyoxyethylene sorbitan monolaurate
(Tween). In some embodiments, the non-ionic detergent is Polyoxyethylene (20) sorbitan monolaurate (Tween 20).
Other suitable blocking reagents include serum proteins (e.g. bovine serum albumin), nonyl phenoxypolyethoxylethanol
(NP-40) or a combination thereof.
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[0112] The concentration of the blocking reagent in the elution solution is sufficient to enhance the recovery of nucleic
acids from the magnetic particles compared to the elution solution without the blocking reagent and may be determined
using routine experimentation. In some embodiments, the elution solution comprises a blocking reagent at a concentration
of about 0.1-5% v/v, e.g. about 0.5-3% v/v, such as about 0.75-1.25% v/v, e.g. about 1.0% v/v. In a preferred embodiment,
the elution solution comprises Polyoxyethylene (20) sorbitan monolaurate (Tween 20) at a concentration as defined
above.

[0113] Any suitable blocking reagent may be used in the elution buffer. Whilst not wishing to be bound by theory, it is
hypothesised that the blocking reagent may enhance the amount of nucleic acid recovered from the magnetic particles
by blocking sites in the vessel (e.g. tube or plate) in which the elution step takes place. This may prevent nucleic acids
released from the silica-coating from binding to the vessel, thereby increasing the amount of nucleic acids in solution.
[0114] The temperature of the desorption step may be determined readily by a person of skill in the art based on
routine experimentation. In some embodiments, the desorption (elution) step is performed at 10 °C or less, e.g. 9, 8, 7,
6,50r4 °Corless.

[0115] Following elution from the magnetic particles, the solution comprising the nucleic acids is separated from the
magnetic particles, e.g. for further processing, such as amplification and/or analysis. Thus, in some embodiments, the
method comprises a step of separating the solution comprising nucleic acids from the magnetic particles.

[0116] The term "nucleic acid" refers to molecules made up of ribonucleotides and/or deoxyribonucleotides as well as
synthetic nucleotide residues that are capable of participating in Watson-Crick type or analogous base pair interactions,
i.e. "hybridisation" or the formation of a "duplex". Thus, the nucleic acid may be DNA or RNA or any modification thereof,
e.g. PNA or other derivatives containing non-nucleotide backbones. In preferred embodiments, the nucleic acid is a
naturally-occurring molecule, i.e. DNA or RNA.

[0117] The particles may be used to isolate DNA (e.g. genomic DNA) and/or RNA. Thus, in some embodiments,
isolation of total nucleic acid (TNA) from biological material is possible.

[0118] In embodiments in which DNA is isolated, the DNA may be any DNA molecule which may occur in biological
material, e.g. in a cell. In some embodiments, the DNA is viral DNA, bacterial DNA (e.g. plasmid DNA), fungal DNA or
parasite DNA. In some embodiments, the DNA is genomic, i.e. nuclear, DNA, mitochondrial DNA or plastid DNA, e.g.
chloroplast DNA. In a preferred embodiment, the DNA is viral, bacterial, fungal or parasite DNA, particularly viral or
bacterial DNAI.

[0119] The RNA may be any RNA molecule which may occur in biological material, e.g. in a cell. Thus it may be viral
RNA, mRNA, tRNA, rRNA, small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), microRNA (miRNA), small
interfering RNA (siRNA), piwi-interacting RNA (piRNA), ribozymal RNA, antisense RNA or non-coding RNA. The RNA
may be from any organism. In some preferred embodiments, the RNA is viral RNA, e.g. from a coronavirus, such as
Covid-19 (severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)).

[0120] In some embodiments, it may be desirable to isolate only one type of nucleic acid from a sample containing
biological material, e.g. DNA or RNA. Thus, in some embodiments, the nucleic acids may be treated to selectively
degrade one type of nucleic acid, e.g. by contacting the nucleic acids with an endonuclease, e.g. an RNase or DNase.
In some embodiments, the step of degrading one type of nucleic acid may be performed when the nucleic acids are
adsorbed on the silica-coated magnetic particles, e.g. by contacting the particles with an endonuclease following the
wash steps. Following the step of degrading one type of nucleic acid, the magnetic particles may be subjected to further
wash steps (e.g. as defined above) to remove the degradation products and endonuclease, prior to elution.

[0121] Isolated nucleic acids obtained from the method may be processed and manipulated using standard molecular
biology techniques that are well-established in the art. In some embodiments, the nucleic acids obtained from the method
may be concentrated, diluted, pooled (e.g. with nucleic acids obtained from other samples), amplified and/or analysed.
[0122] As shown in the Examples below, the method for isolating nucleic acids from a sample containing biological
material is particularly effective for isolating viral nucleic acids, e.g. viral RNA, such as RNA from a coronavirus (e.g.
Covid-19 (SARS-CoV2)).

[0123] The invention will be further described with reference to the following nonlimiting Examples with reference to
the following drawings in which:

Figure 1 shows the silica coated magnetic particles of MB1.

EXAMPLES

Example 1 - Synthesis of Iron Oxide Nanoparticles (IONP)

[0124] 8.0 g of FeCl,.4H,0 and 21.6 gm of FeCl;.6H,0O were weighed into separate 100 ml volumetric flasks and
each flask filled to 100 ml with MQ-water. 84.6 g MQ water was placed in a beaker and 15.4 ml of 25 wt% NH,OH was

added. 10 ml of iron chloride stock solution was added to the NH,OH/water dropwise using a burette under vigorous
stirring (4-500 rpm) to create a suspension.
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[0125] 40 mL of the suspension was transferred to a 40 mL centrifuge tube, and the magnetically formed particles
were separated and the supernatant discarded. The rest of the suspension was added to the particles and the separation
process repeated until all the slurry is separated.

[0126] The separated particles are washed thrice with MQ-water and suspended in 15 mL MQ-water resulting in the
final volume of 20 mL. The particle weight is adjusted to 50 mg/ml.

Example 2 - Iron Oxide magnetic nanoparticles - small scale

[0127] 2 ml of TEOS was mixed with 20 ml of ethanol in a vial and kept stirring at 500 rpm for 15 minutes. 1 ml of
IONP (~50 mg) aq. dispersion from example 1 was first magnetically separated from the water and cleaned thrice with
ethanol. The washed IONPs were added into the reaction mixture and stirred for 30 minutes.

[0128] 4 ml of MQ water followed by 5 ml of 25 wt% NH,OH was added to the reaction mixture and stirred for 30
minutes. The reaction mixture was heated to 82°C over 15 minutes and the reaction left running overnight (at least 12
hours). The ratio of ethanol to added water is approx 5:1 (and to total water is 2.6:1)

[0129] Thereaction mixed was cooled toroom temperature and the formed silica coated IONPs magnetically separated.
These were washed two times with ethanol and seven times with MQ water. The washed silica coated IONPs were
finally re-dispersed in 25 ml MQ water. This sample is called MB1. The concentration of silica coated IONPs in water
for the small scale batch is 6-7 mg/ml.

Example 3 - Scaled up Synthesis of Silica Coated IONPS (Magnetic Beads)

[0130] 20 ml of TEOS was mixed with 380 ml of ethanol in a water jacketed reactor and kept stirring at 500 rpm for
15 minutes. 10 ml of IONP (~500 mg) dispersion from example 1 was first magnetically separated from the water and
cleaned thrice with Ethanol. The particles are redispersed in 20 ml of ethanol and the dispersion added into the reaction
mixture and stirred for 30 minutes.

[0131] 40 ml of MQ water followed by 5 ml of 25 wt% NH,OH was added to the reaction mixture and stirred for 30
minutes. The reaction mixture was heated to 82°C over 15 minutes and the reaction left running overnight (at least 12
hours). The ratio of ethanol to added water is approx. 10:1 (and to total water 9.1:1)

[0132] Thereaction mixed was cooled to room temperature and the formed silica coated IONPs magnetically separated.
These were washed two times with ethanol and seven times with MQ water. The washed silica coated IONPs were
finally re-dispersed in 250 ml MQ water. This sample is called MB2. The concentration for the scaled up batch is between
9-10 mg/ml.

Properties of the silica coated IONPs

[0133] The pH of MB1 and MB2 was measured. The pH was 9.3 for MB1 and 9.1 for MB2. PDI was measured as
0.0014 and 0.0013 for MB1 and MB2 respectively.

[0134] The zeta potential of MB1 and MB2 was measured using a Malvern NanoSizer. The zeta potential was -52 mV
for MB1 and -62 mV for MB2.

SEM Analysis
Sample preparation

[0135] Bead suspension is prepared at a concentration of approximately 0.1 to 0.01 percent by volume, and dispersion
is ensured by vortexing or ultrasonicating the diluted sample. A flat, conductive substrate is prepared. Clean Si wafer
pieces or mica with a conductive coating - e.g. thick gold coating - are ideal. The conductive sample is plasma cleaned
using O, plasma for a time of 1 minute, increasing hydrophilicity.

[0136] Apply 50 pL of dilute bead suspension to the freshly plasma treated substrate, and dry at room temperature
or elevated temperature until bone dry. Samples are affixed to a SEM stub using conductive adhesive, and electric
contact from sample to stub is confirmed.

Imaging
[0137] A SEM capable of high resolution needs to be utilized, e.g. a Field-Effect gun SEM (FE-SEM/FEG-SEM).
Samples are introduced to the microscope, and imaged at an adequate resolution, e.g. 5-20k. Several images must be

taken of different areas on each sample, totalling a number of identifiable beads, approaching 100, at different positions
on the sample surface. These micrographs are ideally, for automation purposes, recorded at the same resolution. Where
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possible, a detector or detector combination with low topographic contrast is desirable.
Image Analysis

[0138] Visualinspection is the initial inspection of the samples, samples exhibiting obvious deviation from the desired
particle shape, size and uniformity of either can be rejected at this point. After an initial visual inspection, images can
be analyzed and beads measured manually. More optimally they are run through an algorithm which thresholds the
image, producing a binary mask separating the particles and the background by contrast. After thresholding the image
is analyzed counting the particles per unit area, measuring their size and shape descriptors, e.g. circularity, aspect ratio,
Feret's diameter, etcetera are measured and exported for statistical analysis. Each sample is then analyzed using
appropriate computer software for this purpose, returning size and shape descriptor distributions, and relevant statistics
to the operator.

[0139] For both the batches, MB1 and MB2, mean particle diameters are found to be 0.41 and 0.45 um respectively.
Beads in both batches were very monodisperse (CV=4%). The particles of MB1 are shown in figure 1.

Example 4 - Large Scale Synthesis of Silica Coated IONPS (Magnetic Beads)

[0140] 48 ml of TEOS was added to 700 ml of ethanol in a vial and stirred at 500 rpm for 15 minutes. ~20 ml of IONP
(1200 mg) dispersion from example 1 was first magnetically separated from the water and cleaned thrice with Ethanol.
The washed IONPs were redispersed in 260 mL ethanol and added into the reaction mixture. The reaction mixture was
stirred for 30 minutes and 200 ml of MQ water was then added followed by 50 ml of 25 wt% NH,4OH and stirred for 30
minutes. The mixture was heated to 82°C over 15 minutes and left overnight (at least 12 hours). The ratio of ethanol to
added water is approx. 4.8:1 (and to total water 4:1).

[0141] Thereaction mixed was cooled toroom temperature and the formed silica coated IONPs magnetically separated.
These were washed two times with ethanol and seven times with MQ water. The washed silica coated IONPs were
finally re-dispersed in 200 ml MQ water. This sample is called MBL (Magnetic Beads Large Scale).

[0142] The concentration for the scaled up batch is between 26.3 mg/ml.

[0143] The pH of Magnetic Beads Large Scale was measured. The pH was 9.5.

Example 5 - Large Scale Synthesis of Silica Coated IONPS (Magnetic Beads) at room temperature

[0144] 48 ml of TEOS was added to 700 ml of isopropanol in a vial and stirred at 500 rpm for 15 minutes. ~20 ml of
IONP (1200 mg) dispersion from example 1 was first magnetically separated from the water and cleaned thrice with
isopropanol. The washed IONPs were redispersed in 260 mL isopropanol and added into the reaction mixture. The
reaction mixture was stirred for 30 minutes and 200 ml of MQ water was then added followed by 50 ml of 25 wt% NH,OH
and stirred for 30 minutes. The mixture was left overnight (at least 12 hours). The ratio of ethanol to added water is
approx. 4.8:1 (and to total water 4:1).

[0145] The formed silica coated IONPs are magnetically separated. These were washed two times with isopropanol
and seven times with MQ water. The washed silica coated IONPs were finally re-dispersed in 200 ml MQ water. This
sample is called MBL (Magnetic Beads Large Scale).

[0146] The concentration for the scaled up batch is between 29.3 mg/ml.

[0147] The pH of Magnetic Beads Large Scale was measured. The pH was 10.2.

Example 6 - Method for nucleic acid extraction from a biological sample using silica-coated magnetic particles
[0148] A lysis solution was prepared according to Table 1. A suspension of silica-coated magnetic particles (prepared

using the method described in Example 3) was prepared according to Table 2 (magnetic particle mix). An elution buffer
was prepared according to Table 3.

Table 1
Final concentration | to 100ml (for 5*96Wplates)

Guanidine thiocyanate 4 M 47.3g

Tri-HCI pH-7.8 50 mM 5 ml of 1M stock

N-lauroyl Sarcosine 2% 2g

EDTA 20 mM 4 ml of 0.5M stock
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(continued)

Final concentration | to 100ml (for 5*96Wplates)

Glycogen 1 mg/ml 500 ul of 200mg/ml stock
TCEP 10mM
Table 2
Per sample For 100 samples
Isopropanol 400 pl 40 mi
Proteinase K 100 pg/ml 700 .l of 10 mg/ml stock
Magnetic Particles 20 pl of a suspension comprising about 10mg/ml | 2 ml

[0149]

0O ~NO O WN =

©

Protocol

Table 3

Per sample | For 100 samples

Nuclease free water | 50 pl 5ml

Tween 20

1% 250 ul of 20% stock

10. Remove supernatant using a magnet
11. Wash the particles in 400 pl 80% EtOH, mix for 2 minutes
12. Remove supernatant using a magnet
13. Dry the particles for 10 minutes at room temperature

14. Resuspend the particles in 50 pl elution buffer, mix for 5 minutes
15. Collect the supernatant for gPCR.

Set-up for KingFisher robot:

[0150]

. Pipette out 200 pl Lysis solution (per sample tube or per well if using plate, e.g. 96 well plate)
. Add 100 pl sample (i.e. comprising biological material), mix (pipetting/vortexing)

. Resuspend magnetic particle-mix. Vortex thoroughly to resuspend all particles

. Add 400p! particle-mix to each sample/lysis tube, mix (pipetting/vortexing)
. Keep the particles in solution for 10 minutes by mixing/shaking

. Remove supernatant using a magnet
. Wash the particles in 400 pl isopropanol, mix for 2 minutes
. Remove supernatant using a magnet
. Wash the particles in 400 pl 80% EtOH, mix for 2 minutes

Position | Plate type Content Volume
1 KF 96 deep-well | Lysate (Lysis buffer, sample, bead mix) | 700 ul
2 KF 96 deep-well | Isopropanol wash 400 ul
3 KF 96 deep-well | 80% Ethanol wash 400 ul
4 KF 96 deep-well | 80% Ethanol wash 400 ul
5 KF 96 standard | Elution buffer 50 ul
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(continued)
Position | Plate type Content Volume
6 KF 96 standard | 96 tip comb for deep-well magnets
Protocol
[0151]

1. Transfer 200l Lysis buffer to each well

2. Add 100ul Sample to Lysis Buffer, leave at RT for minimum 5 minutes
3. Add 400ul Bead-mix

4. Prepare reagents in plates according to table.

5. Start program on instrument

6. After run, collect eluted sample in Plate 6 to PCR.

Example 7 - Comparison of methods for detection of covid-19 virus from viscous expectorate samples

[0152] Nucleic acid was isolated from viscous expectorate samples from patients suspected of being infected with the
covid-19 virus (a coronavirus) using the protocol described in Example 6 and a commercial nucleic acid extraction kit,
NucliSENS® EASYMAG® (bioMerieux), which also uses silica-coated magnetic particles. The protocol described in
Example 6 used 100l of patient sample, whereas 200l was used as the input for the commercial kit. Nucleic acid
obtained from each sample was used in a standard reverse transcription gPCR (RT-qPCR) to detect covid-19 target
nucleic acids.

[0153] Table 4 below shows the cycle threshold (Ct) values from the RT-gPCR and the results demonstrate that the
Ct values are lower for almost all patient samples, indicating that the nucleic acid isolated using the protocol in Example
6 results in a more sensitive assay. It was determined that the isolation protocol of Example 6 results in the isolation of
about 3 times more RNA compared to the commercial kit. This facilitates the detection of nucleic acids that are present
in a biological sample at very low levels.

[0154] Samples from subjects not infected with the covid-19 virus yielded negative results, as expected.

Table 4

Samples Ct-values NucliSENS® kit Ct-values Example 3 protocol | Parallel sample from Example 3 protocol
2 18.89 18.34

3 19.24 20.58

4 18.12 18.81

5 14.45 13.13

6 29.35 26.89

7 33.07 32.64 31.21
8 23.13 22.56

9 35.11 36.73

10 217 19.28

11 28.46 28.06

12 24 .51 2493

13 31.65 31.77 32.78
14 25.39 2497

15 16.51 15.25

16 34.71 34.41 33.89
17 30.37 29.27 30.31
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(continued)
Samples Ct-values NucliSENS® kit Ct-values Example 3 protocol | Parallel sample from Example 3 protocol
18 26.02 24.71
19 31.27 30.14 29.32
20 18.99 17.8
21 25.85 24.62
22 17.15 16.82
23 29.16 27.22
24 31.98 29.12 30.26
25 32.77 32.03 30.89

Example 8 - Effects of various components in the isolation protocol

[0155] The effects of various components used in the nucleic acid protocol described in Example 6 were assessed
using a viscous expectorate sample from a Covid-19 positive patient. The nucleic acids obtained from each variant
isolation method from the sample were used in a standard qPCR to detect covid-19 target nucleic acids.

[0156] Variations of the protocol described in Example 6 as outlined in Table 5. For instance, the elution step was
performed with and without Tween. The reducing agent in the lysis buffer was changed, i.e. from TCEP to DTT. Also,
in some cases, proteinase K was added to the lysis solution after contact with the expectorate sample but before the
addition of the particle mix (without proteinase K) - see "Proteinase K in Lysis buffer".
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Table 5

Well Parameters Cq

A01

BO1

Co1

D01

A02

B02

co2

D02

E02 20 ug Proteinase K in Lysis Buffer 34,46
F02 20 ug Proteinase K in Lysis Buffer 32,45
G02 20 ug Proteinase K in Lysis Buffer 1% Tween in elution buffer 34,48
HO2 20 ug Proteinase K in Lysis Buffer 1% Tween in elution buffer 30,14
03 — ‘ , : e
BO3

Co3

D03

EO1 80 mM DTT in Lysis Buffer 29,89
FO1 80 mM DTT in Lysis Buffer 29,54
GO1 80 mM DTT in Lysis Buffer 1% Tween in elution buffer 29,40
HO1 80 mM DTT in Lysis Buffer 1% Tween in elution buffer 29,49
EO03 Pos CTRL 31,53
FO3 Neg CTRL

[0157] The results demonstrate that the use of TCEP significantly enhances the detection of covid-19 nucleic acid.
Similarly, the use of high amounts of proteinase K during the lysis step also improves detection of covid-19 nucleic acid.

Example 9 - Formulation for alternative lysis solutions

[0158] An alternative lysis solution for use in the protocol described in Example 6 may be prepared according to the
formulation in Table 6.

45

50

55

[0159] A further alternative lysis solution can be prepared by omitting the glycogen component from the formulation

in Table 6.

Table 6

Final concentration | to 1000ml
Guanidine thiocyanate 4 M 473g
Tri-HCI pH-7.8 50 mM 50 ml of 1M stock
Triton X-100 1.20% 12g
EDTA (pH 7.8) 20 mM 40 ml of 0.5M stock
Glycogen 1 mg/ml 1.0g
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Claims

1.

A process for the preparation of a silica coated magnetic particles comprising

(I) combining magnetic particles and an alkoxysilane in a C1-4-alcohol in the absence of water to form a mixture;
(II) adding water and a hydroxide to the mixture of step (I) such that the weight ratio of C1-4-alcohol to water
in the mixture is 1:1 to 15:1 and heating the resulting mixture to a temperature in the range of 15 to 90°C in
order to form silica coated magnetic particles;

(1) washing the silica coated magnetic particles of step (ll) with water and/or alcohol until the pH of the silica
coated magnetic particles, when suspended, in water is between 8 and 11.

2. Aprocess as claimed in any preceding claim wherein the C1-4-alcohol is ethanol or isopropanol.
3. A process as claimed in any preceding claim wherein the weight ratio of C1-4-alcohol to water in the mixture is 3:1
to 12:1 or 3:2 to 5:1.
4. A process as claimed in any preceding claim wherein the particles are iron oxide nanoparticles.
5. A process as claimed in any preceding claim wherein the temperature is 75 to 85 °C or 20 to 30 °C.
6. A process as claimed in any preceding claim wherein the pH of the silica coated magnetic particles when suspended
in water is 9 to 10.
7. A process as claimed in any preceding claim wherein the alkoxysilane is TEOS.
8. A process as claimed in any preceding claim further comprising suspending the silica coated magnetic particles in
water wherein the concentration of said particles in water is 5 to 35 mg/ml, preferably 5 to 30 mg/ml, such as 5 to
12 mg/ml.
9. A process as claimed in any preceding claim further comprising suspending the silica coated magnetic particles
wherein the zeta potential of the suspension is - 20 to -90 mV.
10. A process as claimed in any preceding claim wherein the magnetic particles that are combined with the alkoxysilane
in step (l) are coated with an organic polyacid or organic polyacid salt coating, such as citrate.
Patentanspriiche
1. Prozess zur Herstellung von mit Siliciumdioxid beschichteten magnetischen Partikeln, umfassend
(I) Kombinieren magnetischer Partikel und eines Alkoxysilans in einem C1-4-Alkohol in Abwesenheit von Was-
ser, um eine Mischung zu bilden;
(I1) Zugeben von Wasser und einem Hydroxid zu der Mischung von Schritt (1), so dass das Gewichtsverhaltnis
von C1-4-Alkohol zu Wasser in der Mischung 1:1 bis 15:1 betragt, und Erwarmen der resultierenden Mischung
auf eine Temperatur im Bereich von 15 bis 90 °C, um mit Siliciumdioxid beschichtete magnetische Partikel zu
bilden;
(1) Waschen der mit Siliciumdioxid beschichteten magnetischen Partikel aus Schritt (II) mit Wasser und/oder
Alkohol, bis der pH-Wert der mit Siliciumdioxid beschichteten magnetischen Partikel, wenn sie in Wasser sus-
pendiert sind, zwischen 8 und 11 liegt.
2. Prozess nach einem vorstehenden Anspruch, wobei der C1-4-Alkohol Ethanol oder Isopropanol ist.
3. Prozess nach einem vorstehenden Anspruch, wobei das Gewichtsverhaltnis von C1-4-Alkohol zu Wasser in der
Mischung 3:1 bis 12:1 oder 3:2 bis 5:1 betragt.
4. Prozess nach einem vorstehenden Anspruch, wobei die Partikel Eisenoxid-Nanopartikel sind.
5. Prozess nach einem vorstehenden Anspruch, wobei die Temperatur 75 bis 85 °C oder 20 bis 30 °C betragt.
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Prozess nach einem vorstehenden Anspruch, wobei der pH-Wert der mit Siliciumdioxid beschichteten magnetischen
Partikel, wenn sie in Wasser suspendiert sind, 9 bis 10 betragt.

Prozess nach einem vorstehenden Anspruch, wobei das Alkoxysilan TEOS ist.

Prozess nach einem vorstehenden Anspruch, weiter umfassend das Suspendieren der mit Siliciumdioxid beschich-
teten magnetischen Partikel in Wasser, wobei die Konzentration der Partikel in Wasser 5 bis 35 mg/ml, bevorzugt
5 bis 30 mg/ml, wie 5 bis 12 mg/ml, betragt.

Prozess nach einem vorstehenden Anspruch, weiter umfassend das Suspendieren der mit Siliciumdioxid beschich-
teten magnetischen Partikel, wobei das Zetapotential der Suspension -20 bis -90 mV betragt.

Prozess nach einem vorstehenden Anspruch, wobei die magnetischen Partikel, die in Schritt (1) mit dem Alkoxysilan
kombiniert werden, mit einer organischen Polysaure- oder organischen Polysauresalzbeschichtung, wie Citrat, be-
schichtet werden.

Revendications

1.

10.

Procédé pour la préparation de particules magnétiques revétues de silice, comprenant

(I) la combinaison de particules magnétiques et d’un alcoxysilane dans un alcool en C1-4 en I'absence d’eau
pour former un mélange ;

() l'ajout d’eau et d’'un hydroxyde au mélange de I'étape (l) de telle sorte que le rapport pondéral de I'alcool
en C1-4 a I'eau dans le mélange soit 1:1 a 15:1, et le chauffage du mélange résultant a une température
comprise entre 15 et 90 °C afin de former des particules magnétiques revétues de silice ;

() le lavage des particules magnétiques revétues de silice de I'étape (Il) avec de I'eau et/ou de I'alcool jusqu’a
ce que le pH des particules magnétiques revétues de silice, lorsqu’elles sont en suspension, dans 'eau soit
compris entre 8 et 11.

Procédé selon une quelconque revendication précédente, dans lequel I'alcool en C1-4 est de I'éthanol ou de I'iso-
propanol.

Procédé selon une quelconque revendication précédente, dans lequel le rapport pondéral de I'alcool en C1-4 a
'eau dans le mélange est de 3:1 a 12:1, ou de 3:2 a 5:1.

Procédé selon une quelconque revendication précédente, dans lequel les particules sont des nanoparticules d’'oxyde
de fer.

Procédé selon une quelconque revendication précédente, dans lequel la température est de 75 a 85 °C, ou de 20
a30°C.

Procédé selon une quelconque revendication précédente, dans lequel le pH des particules magnétiques revétues
de silice lorsqu’elles sont en suspension dans 'eau, est de 9 a 10.

Procédé selon une quelconque revendication précédente, dans lequel I'alcoxysilane est le TEOS.
Procédé selon une quelconque revendication précédente, comprenant en outre la mise en suspension des particules
magnétiques revétues de silice dans de I'eau, dans lequel la concentration desdites particules dans I'eau est de 5

a 35 mg/ml, de préférence de 5 a 30 mg/ml, par exemple de 5 a 12 mg/ml.

Procédé selon une quelconque revendication précédente, comprenant en outre la mise en suspension des particules
magnétiques revétues de silice, dans lequel le potentiel zéta de la suspension est de -20 a -90 mV.

Procédé selon une quelconque revendication précédente, dans lequel les particules magnétiques qui sont combi-

nées avec l'alcoxysilane dans I'étape (I) sont revétues d’'un revétement de polyacide organique ou de sel de polyacide
organique, tel que du citrate.
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